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Abstract: The effects of kanamycin(KM), neomycin(NM) and gentamicin (GM) on the 
binding of Ac—(#C)phe—tRNA™ to the A site and P site of the ribosome and transloca- 
tion reaction of Ac—(4C)phe -tRNA”™ from the A site to the P site have been examined 
in Escherichia coli cell—free system. The conclusion was obtained that these antibiotics in- 
hibit the binding of Ac—(4C)phe—tRNA 
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a to the A site of Escherichia coli ribosomes. 


INTRODUCTION 


KM inhibits polypeptide synthesis (Davies ef al, 1965) and cause translational 
misreading (Davies et al., 1964; Davies ef al., 1968) in bacterial cell—free systems. 
Resistance to KM of a laboratory—derived mutant has been attributed to an alteration of 
ribosomes (Tanaka ef al., 1964). A mutation in $12 protein (Masukawa et al., 1968) in core 
particles derived from CsCl—treated 30S subunits (Masukawa, 1969) confers resistance. 
KM has been shown to affect the elongation steps in polypeptide synthesis (Suzuki et al., 
1970). In addition, KM inhibition of the translocation steps was suggested in later studies 
(Misumi et al., 1978; Misumi et al., 1980; Cabanas et al., 1978). 

‘The effect of KM on the binding of Ac—(4C)phe-tRNA””® to the P site and the A 
site, on the peptidly transferase reaction and translocation reaction in the elongation steps 
of polypeptide synthesis in E. colt extracts were analyzed and compared in this study. 
Similar analyses were carried out with NM and GM. 


MATERIALS AND METHOD 


Bacterial strain: E. colt A19 was used in this study. The organism was cultured in 
L—broth at 37C and harvested during exponential phase. 
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Chemicals: Poly (U) and tRNA” (E. coli) were obtained from Amersham (Co., Ltd., 
and KM sulphate from Takeda Chem. Industries, Ltd(Japan), NM from Nippon Kayaku 
Co., Ltd. (Japan), GM from Sigma Chem. Co., Ltd., (14C) phe (50 mCi/m mol) from Amer- 
sham Co. Ltd. Phe—tRNA”™ was prepared and N—acetylated as described (Wurmbach et 
al., 1978; Haenni eż al., 1960). Nitrocellulose filters (0.45 »m) were from Sartorius, Got- 
tingen (FRG). 

Assay system: Ribosomes and elongation factor G(EF—G) were prepared according to 
Wurmbach et al., 1978. The assay system for elongation steps was based on the method — 
of Watanabe (Watanabe, 1972) as modified by Wurmbach and Nierhaus (Wurmbach et al., 
1979). Briefly, the procedure consisted of three incubation steps (Fig.1) i) Binding of 
tRNA” and poly (U) to ribosomes: 225 wl of a reaction mixture containing 170 pg of poly 
(U), 180 pmol of 70 S ribosomes, 300 pmol of tRNA™°, 50 mM Tris—HCl at pH 7.8, 10 
mM MgOAc. 160 mM NH,Cl, and 9 mM 2—mercaptoethanol was incubated for 10 
minutes at 37°C. Under these conditions, the P site was precharged with tRNA™ and the 
A site was available for Ac—(4C)—phe-tRNA?™ binding (A-site condition), As a control, 
the same reaction mixture without tRNA?” was empolyed (P—site condition). Under such 
conditions, the P site was available for Ac—(14)phe—tRNA”* binding. ii) The binding of 
Ac- (4C)phe—tRNA™ to the P site and the A site. The volume of reaction mixtures was 
increased to 450 yl by the addition of 72 pmol of Ac—(4C)phe—tRNA?™. The buffer con- 
tained 50 mM Tris-HCl at pH 7.8, 15 mM MgOdAc, 160 mM NH.Cl, and 5 mM 
2—mecaptoethanol. After incubation for 30 minutes at 37°C, two 50 yl aliquots were 
removed and each was diluted with 1 ml of binding buffer (50 mM Tris—HCl, pH 7.5—15 
mM MgOAc—160 mM NH,Cl—s mM mercaptoethanol). The samples were filtered 
through: nitrocellulose, washed 2 times with binding buffer and counted by liquid scintilla- 
tion. iii) To the remaining 350 yl reaction mixture, 70 ul of binding buffer containing 0.7 
mM GTP, 7 mM phosphoenolpyruvate and 5 yg of pyruvate kinase were added. Six ali- 
quots of 60 yl each were removed. Two reaction mixtures received 5 al of buffer contain- 
ing 10 mM Tris-HCl at pH, 7.5, 10 mM MgOAc, 100 mM KCI, 10 mM 2—mercap- 
toethanol and 20% glycerol and 2 yg of EF—G; the other four reaction mixtures received 
buffer without EF—G. The reaction mixtures were incubated at 37°C for 10 minutes to 
allow translocation to take place. Five vl of 10mM puromycin in binding buffer was added 
to four reaction mixtures with and without EF—G and left on ice at least 30 minnutes. 
The reaction was stopped by the addition of 65 yl of 0.3 M NaOAc at pH 5.5 saturated 
with MgSO, followed by 1 ml of EtOAc. After agitation with a vortex mixer for 1 minute, 
the mixtures left on ice for 15 minutes and 0.7 ml of the EtOAC phase were removed and 
counted by liquid scintillation. The mean values of duplicates were calculated and cor- 
rected with control experiments without EF—G and puromycin. | 

It is hard to calculate the efficiency of translocation with accuracy, in the presence 
of the drug which may affect variety of elongation steps more or less, but a reasonably 
good approximation can be obtained by calculation according to the formula (delta Apm/Ap 
x Pi/Ppomp / (delta Apm/Ap x P,/Ppm)—p; in which delta Apm equals the difference in the 
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puromycin reaction in the absence and presence of EF—G at the A-site condition; Ap 
equals the binding at the A-site condition. P, equals the binding at the P site condition; P 
pm equals puromycin reaction at the P-site condition in the presence of EF—G; p equals 
the value in the presence of drug; -p equals the value in the absence of the drug. Delta 
Apm/Ay represents tentative value of translocation reaction. This value requires correction 
with the efficiency of puromycin reaction since the translocation reaction was estimated us- 
ing the puromycin reaction. The corrected value can be obtained by multiplication with P, 
/Pym. The values in the presence of drug thus obtained were divided by the values in the 
absence of the drug and presented in the Tables. 


RESULTS AND DISCUSSION 
The effects of KM on elongation steps: The results shown in Table 1 indicate that 


KM influences the binding affinity of ribosomes to Ac—(4C)phe—tRNA™", which was 
reduced to a greater extent under A—site binding conditions than under P—site binding 


Table 1. The effects of KM on elongation steps of polypeptide synthesis. 


Efficiency of 
the translocation 
reaction 2 


A-site condition 


—EF-G +EF-G 


P—site condition 


—EF-G +EF-G 


A-—site 
condition 


P —site 
condition 


0 4999 4999 
4.4 3824 D061 0.79 
11 3874 4488 1.54 
3336 4108 1.4 


a Experimental procedures are describel described in Materials and Methods 


i) Preincubation ii) Binding iii} Translocation 
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Fig.1. Experimental procedure. The detail of experimental procedure is presented in the materials 
and methods. 
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conditions. In P—site binding studies, poly (U) and ribosomes were preincubated and 
subsequently Ac-(1C)phe—tRNA™ added. Under these conditions, the puromycin reaction 
was approximately 67%. No significant difference in the puromycin reaction was observed 
after incuation with EF—G, indicating binding of the charged tRNA to the P site. Using 
A-—site assay conditions, the P site was precharged with deacylated tRNA™ and Ac— (4 
C)phe -tRNA?™ was added. The puromycin reaction was strongly enhanced after incuba- 
tion with EF—G indicating binding to the A site. KM, therefore affects the A site more 
than the P site in its binding affinity for Ac—(4C)phe—tRNA””. The efficiency of the 
puromycin reaction in the absence and the presence of 4.4 ug, 11 wg, and 22 wg of KM 
per ml was measured by determining the puromycin reaction under P-—site conditions in 
the presence of EF—G. The values were 67%, 72%, 80% and 73% respectively suggesting 
no significant influence of KM on the peptidyl transferase reactions. The effect on 
translocation was calculated by determining the difference in the puromycin reaction in the 
presence and absence of EF—G under A~—site conditions (delta Apm). The values were cor- 
‘rected by the efficiency of puromycin reaction. They were divided by the values of 
A-—site bound Ac—(4C)phe—tRNA. The comparison of the efficiency of the translocation 
reaction in the presence and absence of the drug revealed no inhibition of the reactions 
but rather increase of these by KM. | 

Effects on NM and GM on elongation steps: The results of similar experiments with 
NM are presented in Table 2. NM affected the A site resulting in dissociation of Ac—(!4 
C)phe—tRNA?™, The translocation reaction was not strongly inhibited in the presence of 4 
and 22 ug of NM per ml. 

The effects of GM on elongation steps are presented in Table 3. No significant in- 
hibition of the P—site binding by GM was observed, whereas Ac—(4C)phe—tRNA”™ 
bound to the A—site was easily washed off by filtration in the presence of drug. No 
significant inhibition of the peptidyl transferase reaction was observed. Calculation of the 
translocation reaction revealed no inhibition but rather an increase in the presence of the 
drug. 

The reason for the discrepancy with my results and results of other investigators 
(Misumi et al., 1978; Misumi et al., 1980) is not clear but a possible explanation mignt be 


Table 2. The effects of NM on 


A — site 
condition 


elongation steps of polypeptide synthesis. 


Puromycin reaction 


P—site condition A-site condition 

—EF-G +EF-G |—EF-G +EF-G 
4221 3999 
3708 3911 
3416 3759 


Efficiency of 
the translocation 
reaction ê 


P— site 
condition 


0.7 


a See footnotes to Table 1 
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Table 3. The effects of GM on elongation steps of polypeptide synthesis. 


Binding Puromycin reaction 


| P—site Assie P—site condition A-—site condition 


condition | condition -EF-G +EF-G | -EF-G +EF-G 


Efficiency of 
the translocation 
reaction 4 


0 5209 5206 
4.4 3934 4195 eels 
4447 5022 1.82 


a See footnotes to Table 1 


as follows. The translocation of N—Ac—phe—tRNA from the A site to the P site was 
assessed by measurement of the puromycin reaction enhanhanced by the addition of 
EF—G and GTP (Misumi et al., 1978). The stimulated reaction was profoundly prevented 
by KM, NM and GM. However, any effects of these drugs on A-—site binding were not 
considered. | 

_ In the other report (Misumi et al., 1978), N —Ac—(C)diphe—puromycin formation in 
the presence of EF—G was inhibited by KM. The effects of KM on the binding of 
N—Ac—(#C)phe—tRNA to the A-—site or P—site were determined without proving the 
site specificity by analysis of the puromycin reaction in the presence and absence of 
EF—G. 
Other investigators have shown no inhibition of EF—T dependent binding of labeled 
phe—tRNA to ribosomes by KM. Studies of the puromycin reaction in the presence or 
absence of EF—T in such analyses were not presented. Another difference might be in 
salt concentration used, which can influence the binding affinity of Ac—(4C)phe —tRNA”” 
to the A site. For example, inhibition of this binding by siomycin and tetracycline was 
observed at higher concentration of NH,Cl; no inhibition by siomycin was detected in the 
absence of NH,Cl; no inhibitiby siomycin was detected in the absence of NH,Cl 
(Watanabe, 1972). The antibiotics did not influence the A site binding when added after in- 
cubating ribosomes and tRNA with Ac—(4C)phe—tRNA’™. us 
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